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Introduction

The major aims of this concept grant are to demonstrate whether BIG1 functions as a
nucleotide exchange factor (GEF) for the Rheb small GTPase and to study the function of
TSC1 in TORC2 (TOR complex 2) regulation. The first aim is based on a very exciting
and provocative hypothesis. We performed experiments as proposed and found that

BIG1 has no GEF activity towards Rheb. Therefore, our experimental data do not
support this hypothesis. However, we did obtain positive results regarding the regulation
of TORC2 by TSC1. In addition, we had made important progress on a related topic in a
different direction. We have identified Sinl as a novel component of TORC2.

Body

Statement of work, Task 1. To determine whether BIG1 functions as a Rheb GEF
and stimulates TORC1 signaling.

We have performed experiments testing this hypothesis. We co-transfected S6K together
with BIG1 into HEK293 cells. S6K was immunoprecipitated and phosphorylation of
S6K was determined. We tested various conditions, including serum deprivation, energy
starvation, and nutrient starvation. We could not consistently detect any increase of S6K
phosphorylation by co-transfecting BIG1 while our hypothesis predicts that BIG1 should
increase S6K phosphorylation. Previously, we have established that Rheb activation
stimulates S6K phosphorylation. We showed that S6K phosphorylation is a reliable and
sensitive functional assay for Rheb GTP level '. Therefore, our S6K phosphorylation
assay indicates that BIG1 does not activate Rheb in HEK293 cells. In order to directly
assay GEF activity in vitro, we expressed and purified Rheb from E. coli. We attempted
to express BIG1 in E. coli. Unfortunately, our efforts to express BIG1 were not
successfully despite many different conditions were tested. It is worth noting that BIG1
is a very large molecular. It is commonly observed that large eukaryotic protein is
difficult to be expressed in E. coli. Therefore, we were unable to directly measure BIG1
GEF activity using purified proteins due to technical difficult.

Statement of work, Task 2. To test whether TSC1 regulates Arfl and TORC2
signaling.

We also tested the regulation of TORC2 by TSC1 and we obtained positive results. Our
data show that TSC1 indirectly regulates the TORC2 activity possible via the action of
S6K. AKT S473 phosphorylation has been shown to be a useful functional assay for
TORC2 %. We found that TORC?2 activity is inhibited in TSC1-/- cells. Inhibition of
TORCI1 by rapamycin restored TORC2 activation by insulin (see figure). Similarly,
downregulation of TSC1 by RNA interference results in a decrease of TORC2 activity.
These data indicate that TSC1 regulates TORC?2 indirectly through the TORC1-S6K
pathway. Active S6K inhibits the TORC2 possibly via a negative feedback mechanism °.
We also examined the effect of TSC1 on Arfl and found that TSC1 does not significantly



affect Arf activity.
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Figure. TSC1 indirectly regulates Akt S473 phosphorylation, hence, TORC2 activity.

In addition to the experiments directly related to the SOW, we also performed
additional experiments, which contribute to the identification of Sinl as a novel subunit
of TORC2. I have to state that the Sinl paper, which was published in Genes &
Development *, was largely supported by funding from an NTH grant. The DOD fund
specifically contributed to the data in figure 2 of the above paper. No mice experiments
were performed using fund from this proposal.

Key Research Accomplishments

1. We demonstrated that BIG1 has no GEF activity towards Rheb.

2. We showed that TSC1 stimulates TORC2 activity via the TORCI and S6K
pathway.

3. We identified Sinl as an essential component of TORC2.

Reportable Outcomes

Yang, Q., Inoki, K., Ikenoue, T., and Guan, K-L. Identification of Sinl as an essential
TORC2 component required for complex formation and kinase activity. Genes & Dev.
20, 2833-47,2006. (The paper is attached).

I have presented our data at a Gordon Research conference, June 2006; seminars at the
TSC/LAM Treatment Alliance (June, 2006); Salk Protein Phosphorylation Symposium
(August, 2006); and the 8th Insulin Action Symposium (September 2007).

We have constructed several plasmids, including Rheb plasmids, which have been sent to
numerous investigators in the scientific community.

Conclusions

We found that TSC1 stimulates TORC2 activity by inhibiting the TORC1 pathway via
S6K. Inhibition of TORCI results in a decrease S6K activity, which normally exerts an



inhibitory effect on TORC2 by a feedback mechanism. We also identified Sinl as a
novel subunit of TORC2.
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Appendices

See the attached paper.












































